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(57) Claim 

1 . An ultraf ine particle powder for inhalation 
comprising at least one cellulose lover alkyl other 
selected from the group consisting of hydroxypropyl 
cellulose and hydroxypropyl methyl cellulose , and a 
medicament, at least 80% of said powder having a particle 
size of 0.5 to 10 nm. 

6. A powder preparation for inhalation comprising 
the ultrafine particle powder for inhalation according to 
claim 1 . 
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DESCRIPTION 

ULTRAFINE PARTICLE POWDER FOR INHALATION AND METHOD 
FOR PRODUCTION THEREOF 
TECHNICAL FIELD 

The present invention relates to an ultraJine 
particle powder for inhalation, and a me thod for the 

pr odu c ti o n th e re o f . — Th e pres e nt inv e ntion relat e s in — 

more detail, to an ultrafine particle powder for 
inhalation comprising a specific cellulose lower alkyi 
ether and a medicament, at least 801 of said powder 
having a particle sice of 0.5 to 10 urn, a method for the 
production thereof, and a powder preparation for 
inhalation comprising, the same. 

BACKGROUND ART 

An inhalant is a preparation intended to be 
administered as a medicament from an oral cavity or nasal - 
cavity mainly to a lower airway such as a trachea, 
bronchi and alveoli. A lower airway, of an airway, is 
defined herein as a trachea, bronchi, bronchioles, 
alveoli, etc. 

Inhalants are expected to target organs, to act as 
preparations for local administration to thoracopathy 
such as asthma, bronchitis and pulmonary emphysema of 
medicaments , and to relieve side effects and realize 
quick efficacy on the basis of the targeting , and many of 
them have already been practically used. Much attention 
has recently been drawn to Inhalants as medicaments to be 
generally administered to transfer physiologically active 
peptides, proteins, etc., from alveoli to a blood stream 
(V.H.L. Lee, "Peptide and Protein Drug Delivery, w Marcel 
Dekker, 1991, pp. 1-56). Furthermore, vaccine 
preparations such as an influenza vaccine have also been 
tried to induce local immunity by inhalation of an 
antigen . 

Such inhalants can be classified as follows 
according to a state of the particles depositing within 
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an airway, (1) a solution depositing as droplets; and 
(2) an aerosol or powder depositing as powd r. A 
1 lution is usually an aqueous solution of a medicament 
It is formed int mist by a- nebulizer, (or atomizer) and 
administered to within an airway a. minute droplet., 
thereby depositing within the airway in the form of 
droplets. On the other hand, in the case of aerosol, a 
medic a m e n t ia u s ual ly-ill l ed i n a pressurized conta iner 

— rrrr-rrrrT: . . . . « - < — . — . 


in the form of a dispersion or soxuUwi U- 
fluorohydrocarbon. when the aerosol is released 
therefrom at the time of administration, 
fluorohydrocarbon is gradually vaporized,, and the 
dispersed or dissolved medicament gradually become, a 
fine particle powder, which finally deposits within the 
airway as a fine particle powder. Moreover, in the case 
of a powder, a fine particle powder containing a 
medicament is filled as a powder in a container such as a 
hard capsule. A patient usually inhales it aa powder 
mist therefrom by patient's own inspired air through a 
suitable medicator, and the fine particle powder itself 
deposits within the airway. 

Desirable properties of the inhalants can be 
classified as follows, by aspects of medicament efficacy 
and by aspects of physical chemistry. 

Firstly, with regard to aspects of medicament 
efficacy, since an airw*y has a complicated and narrow 
structure, the medicament is required to be delivered to 
a target site therewithin efficiently and deposited. 
Delivery of the medicament to target sites such a. a 
trachea, bronchi, branchioles and alveoli and deposition 
thereof at the target sites require participation of many 
factors such as a particle size; properties of the 
particle., e.g., density, shape and electric charge; a 
concentration of the mist, a particle size distribution 
and respiration patterns (see, for example, V.H.L. Lee, 
-Peptide and Protein Drug Delivery," Marcel Dekker, 1991 
p. 10 mentioned above). However, of the.e factors, the 
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moat important on is a particl size. Sine* th 
relationship betwn a particle size and a delivery site 
differs depending on researchers, it is not absolute. 
However, an example of the relationships is as follows: 
particles having a size of 10 urn or more are trapped 

within an oral cavity and nasal cavity, and deposited 

there; they are required to have a tin o f dppiuxlmately 


5 to 15 um to be delivered to a trachea and bronchi, and 
deposited there; they are required to have a size of 
10 approximately 2 to 5 urn to be delivered to bronchioles, 

and deposited there; there are required to have a size of 
approximately 0.3 to 2 urn to be delivered to alveoli, and 
deposited there (report from -workshop on Medical 
Aerosol"). 

1S After a comprehensive review of other reports, it 

may be concluded that for the purpose of efficiently 

delivering a medicament to a site deeper than a trachea, 
namely, to a lower airway and depositing it. there, it 
desirably has a particle size in the range from 0.5 to 
20 10 urn. 

Secondly, since the surface of an airway such as a 
trachea and bronchi is covered with a mucosa, the airway 
is a very sensitive organ, a preparation should therefore 
be non-irritative. Additives and residual solvents which 
25 may injure the mucosa should be avoided as far as 
possible. 

Thirdly, it is desirable that a medicament is 
retained at a target site within the airway for a time 
sufficient to realize its action. An epidermis within 

30 the airway has cilia, which move in such a way that 

inhaled foreign materials are moved to the esophagus. 
Accordingly, in order to display the efficacy thereof, it 
is desirable that the medicament is not readily moved by 
cilia and retained at the site to be deposited. 

35 Sustained release of the medicament while it is retained 
further enhances its efficacy. 

For example, in the case of a treatment for asthma, 
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disodiurc cromoglycate requiring frequent administration 
and 8t roids whos dose is desired to be d cr ased from 
the standpoint of safety become significantly useful when 
they are formulated to sustained action preparations 
requiring a decreased number of administration and a 
decreased amount of dose. Moreover, in the case of 
administering a physiologically active peptide protei n, a 


-preparation thereof intended to improve raucoaa-adheaivity 
or mucosa-staying properties is expected to be absorbed 
efficiently. Accordingly, designing a sustained action 
preparation with an inhalant may become a widely 
applicable useful technique. 

Fourthly, it is a matter of course that an inhalant 
as well as other forms of medicaments is desir©4 to be 
used simply. Especially, an inhalant is desired to be 
easily and readily used at the time of a paroxysm of 
asthma, etc. 

Next, in view of the physicochemical aspect of an 
inhaiant, firstly, fine particles constituting 
preparations are desirably uniform regardless of whether 
the preparations are in solution or in powder. 
Requirements of the particle uniformity are not only a 
matter of course from the standpoint of quality standards 
but also a necessity for surely realising delivery and 
deposition of the fine particles within an airway to 
obtain the efficacy of the preparations. Secondly, 
preparations are desirably stable. Particularly in the 
case of medicaments used for chronic diseases such as 
asthma and bronchitis, preparations capable of being 
preserved at room temperature are desired. Thirdly, 
preparations should be capable of being industrially 
produced in good yields. The preparations should, 
therefore be produced by a method enabling the industrial 
production, mentioned above possible. 

In view of desired properties of inhalants as 
described above, it is understood from examination of the 
forms of the above-mentioned conventional inhalants that 
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th se inhalants do not nec ssarily satisfy all the 
desired properti s. 

Firstly, dropl ts having a particle size of 0.5 to 
10 um can be efficiently generated from solutions if a 
nebulizer of suitable performance is selected. However, 
a nebulizer is required to generate mist, and it can be 
used neither simply nor conveniently nor portably. 
S o luti o ns a r e difficult to g e tain at target. sit e s beca*ree- 


they are aqueous, although solutions cause no problem of 
10 irritation If the additives are selected appropriately. 

In addition, a liposome preparation has been proposed as 
means for improving the retaining properties in a 
solution state at target sites (see Japanese Unexamined 
Patent Publication No. 58-128318). However, liposomes 
IS are in general unstable, and are difficult to be 

preserved at ordinary temperature, for. example, at room 
temperature over a long period. It is understood from 
the aforementioned description that the conventional 
solutions are not always satisfactory. 
20 Secondly, an aerosol utilizing f luorohydrocarbon can 

efficiently generate fine particles having a particle 
size of 0.5 to 10 |m when medicament particles tO DC 
dispersed in the f luorohydrocarbon are powdered finely. 
Use of an. aerosol is simple if a metered dose inhaler is 
25 used, and the problem of irritation scarcely occurs. 

Problems as to uniformity, safety and productivity seldom 
occur when an aerosol is used. However, control of the 
use of f luorohydrocarbon is demanded because of the 
problem of global environmental pollution. As described 
above, an aerosol agent utilizing f luorohydrocarbon is 
not always satisfactory and replacement of an aerosol 
agent is strongly demanded in view of environmental 
problems . 

Thirdly, although inhalants prepared as powders have 
p 35 heretofore been relatively insufficiently developed, much 
attention has quicWLy been drawn thereto because of the 
necessity of developing a simple administration method 


30 
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which is fre of the f luorohydrocarbon problems m ntioned 
above and which replaces solutions. There ar the 
follcwing three types of conventional powders: 

(1) A well-mixed powder comprising ultrafin 
medicament particles and excipient particles selected 
from lactose, etc. , and having a particle size larger 
than that of the medicament particles, the excipient 
b e ing - d tt pQ S it e <1 &t an 0ia *~ a ^^7^^ ana 
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only the ultraf ine medicament particles being delivered 
to and deposited at a lower airway such as a trachea and 
bronchi when the particle mixture is administered to 
within an airway from a suitable container; 

(2) A powder composed of medicament particles 
having a relatively large particle size prepared by 
mildly granulating ultraf ine medicament particles, the 
granulated powder being disintegrated into the 
constituent ultraf ine medicament particles during its 
flight when administered to an airway from a suitable 
container, the thus formed medicament ultraf ine particles 
being delivered to and deposited at a lower airway such 
as a trachea and bronchi; and 

(3) A powder consisting only of ultraf ine 
medicament particles, and being delivered to and 
deposited at a lower airway such as a trachea and bronchi 
when administered to an airway from a suitable container. 

These three types of powders still have unsolved 
problems as described below. 

With regard to powders in (I) and (3), only 
medicament particles are deposited at target sites, and 
retention and sustained release thereof at the sites are 
difficult to ensure* 

Retention and sustained medicament release at target 
sites of a powder in (2) is difficult to ensure, the 
situation being similar. to that of powder in (1). 
Moreover, ultrafine medicament particles themselves 
cannot be mildly granulated in some cases due to the 
physical properties of the medicament itself. An amount 
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of disintegration into the constitu nt ultrafine 
particles may sometimes diff r, and as a result a 
deliv red amount and a deposited amount at target sites 
may vary. 

Accordingly, there is desired realization of a 
powder inhalant which exhibits good delivery to and good 
deposition at a lower airway such as a trachea and 
bronchi, and whi c h is e x ce ll e nt i n— re t e nti on-ana - 


medicament sustained release as deposition sites. 

10 Microcapsules prepared from a poly lactic acid, a 

biodegradable polymer, tor such a powder inhalant have 
been proposed (see Japanese Unexamined Patent Publication 
No. 3-17014). Although sustained medicament release from 
the microcapsules can be expected in this method, 

IS adhesion to and retention at a lower airway mucosa of the 
microcapsules themselves are most difficult to ensure. 
Since formation of the ultrafine particles is not easy 
and forming the particles having a particle size of 0.5r. 
to 10 \xm is very difficult, the productivity of the 

20 inhalant is low. Furthermore, the inhalant has a 

disadvantage that removal of the organic solvent used in 
microencapsulation of the inhalant is not easy. 

Accordingly, there is desired realization of a 
powder inhalant which exhibits good delivery to and good 

25 deposition at a lower airway such as a trachea and 

bronchi, which is excellent in retention and medicament 
sustained release at deposition sites and which is also 
excellent in all of such properties as productivity, 
stability, safety and uniformity. 

30 in addition, with regard to a pharmaceutical 

composition comprising a cellulose lower alkyl ether and 
a medicament, the present inventors have disclosed a 
sustained action preparation for a nasal cavity in 
Japanese Examined Patent Publication NO. 60-7965. The 

35 ultrafine particle powder for inhalation comprising a 

specific cellulose lower alkyl ether and a medicament of 
the present invention and a preparation containing the 
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PM nt publication by t.». tollcln, r gp . ct „ 

(2) Th.re i. di 5 clo,„r. i„ tb. «.«„» 

p«u=i M foP u „ ln i„„,n t i::'' ,a to • it »«- 

(3) The ultrafine particle, i-k.i , 
„,„„.„,, . f«*ti.ci9» for inhalation of the 
present invention which are capable of h-i * ? 
Princioallv t« » , c »P«bie of being delivered 
F cxpaiiy Co a low «r airway differ from 

f pr«„c« by th . Mthod C "" Wt 

«n.r .„d . MdlcaTO „ t „. ' f^"" 

A col lnlft** 1 9 * composition. 

CellUl ° Se l0W6r aik ^ Prior to mixing cannot even 

be ground to give particles having a particle si** 
suitable for an inhalant. That is, medicament particles 
of an inhalant generally have a particle size 
distribution of approximately 0.5 to 10 mn, and they are 
usually prepared by grinding using a jet mill, and the 
like. However, a cellulose lower alkyl ether in fine 
particle, having a particle sire less than 10 M a cannot 
be obtained in a high yield at least by dry grinding. 
Even when ultrafine particle., of a cellulose lower aikyl 
ether can be obtained, it is very" difficult to obtain 
appropriately agglomerated fine particles which behave 
uniformly, by mixing the ultrafine particles with 
medicament ultrafine particles. The ultrafine particles 
for inhalation of the present invention can be produced 
only by spray drying . 

{4} Furthermore, Japanese Examined latent 
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component constituting a powder preparation . 

particle size of 0.5 - 10 urn for 80% by weight or more 
thereof. However, the reasons for the selection thereof 
is a completely different technical idea from those of 
the above-mentioned powder preparation for nasal cavity 
mucosa. Namely , as mentioned above, the most important 
property for the inhalant is a particle size thereof. 
Regarding this point, it is surprisingly found from the 
following two experiments that the hydroxypropyl 
cellulose and hydroxypropyl methyl cellulose according to 
the present invention are different from the other 
cellulose lower alkyl ethers {the details will be further 
described later as Reference Experiments). 

Experiment 1: Stability of Particle Size During 
Storage of Fine Particle For Inhalant 
According to the present method, powder (A) 
comprising beclometasone dipropionate and hydroxypropyl 
cellulose and having a particle size of 0.5 - 10 \im for 
80% by weight or. more thereof, powder (B) comprising 
beclometasone dipropionate and hydroxypropyl methyl 
cellulose and having the same particle size as mentioned 
above, powder (C) comprising beclometasone dipropionate 
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and methyl cellulose and having th same particle size as 
mentioned abcve, powd r (D) comprising beclometasone 
dipropienat and hydroxyethyl cellulose and having the 
same particle size as mentioned above, powder (B) 
comprising beclometasone dipropionate and sodium 
carboxymethyl hydroxyethyl cellulose and having the same 
particle size as mentioned above and powder (F) 
comprising Beclometasone dipmpinn^. ^_,^ HIum~ 
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carboxymethyl cellulose and having the same particle size 
were prepared by a spray drying method. 

Contrary to the above, according to the method 
disclosed in Japanese Examined Patent Publication 
No. 60-7965, mixed powder (G) of beclometasone 
dipropionate and hydroxypropyl cellulose having a 
particle size of 20 - 230 urn for 90% by weight or more 
thereof, mixed powder (H) of beclometasone dipropionate 
and hydroxypropyl methyl cellulose having the sane 
particle site as mentioned above, mixed powder (i) of 
beclometasone dipropionate and methyl cellulose having 
the same particle, size as mentioned above, mixed 
powder (j) of beclometasone dipropionate and hydroxyethyl 
cellulose having, the same particle size as mentioned 
above, mi.ved powder (K) of beclometasone dipropionate and 
sodium carboxymethyl hydroxyethyl cellulose having the 
same particle size as mentioned above and mixed 
Powder (L) of beclometasone dipropionote and sodium 
carboxymethyl cellulose having the same particle size 
"«re prepared by a mechanical mixing method. 

Furthermore, powder (Jt) to powder (R) having the 
combination corresponding to that of the above- ITO „ t i c .ned 
Powder (C) to powder (L) , respectively, were prepared by 
a spray drying method in such a manner that the particle 
size of 90% by weight or more was within the same range 
of 20 to 250 um. 

The above-mentioned powders (A) - (R> were 
humidified at 25'C/50% R.H. for 48 hours, followed by 
measuring the particle sizes by a particle size 
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WC/IM R.H. for 7 dav ! l0Wed t0 Btand « 

P a «ici e sizes bv ho ' by mMaurln ' th " 

Si «s by the saie method, as a result, m the 

case of the powder. (G, - {L , and < H ) - (R) having the 
necessary parties size distribution for preparation for 
nasal c a v i ty ^ml nUtratl o n ^o-paxUcte^^-^an^i, . 
«rer storage were observed, irrespective of Kind, of tne 
cellulose lower alxyl eth ers. Contrary to this, in th. 
10 case of the powders <A, - (F) having the necessary 
particle 3iZ9 distribution for an inhalant, the 
P^ts (A, and (S, using hydroxypropyi cellulose and 
hydroxypropyi methyl celiuiose did not exhibit th. 
article siz, change after storage. However, in the 
15 cases of the other powders using methyl . cellulose (C) 
hydroxyethyl cellulose (D), sodium carboxymethyl 
hydroxyethyl cellulose ( E ) , and sodium carboxymethyl 
cellulose (F,, the presence of a large si,« particle was 
observed, which was presumed by the formation of 
20 agglomerated mass of the original particles. 

Experiment 2x Depositionability. of Fine Particle 

for Inhalation within Lung 

The powders (A) - <F) for an lnnalailt „ 8Gd in tfl- 
above-mentioned Experiment i were examined, regarding the 
25 depositionability thereof within a lung under a 

humidified condition (i.e., 37«C/98%), by a cascade 
impactor. As a result, the powder (A) containing 
hydroxypropyi cellulose and the powder (8, containing 
hydroxypropyi methyl cellulose according to the present 
30 invention exhibited such an average aerodynamic radius 
that, when these powders are actually administered to 
human beings, it is estimated that a sufficient amount 
thereof is deposited on a trachea, a primary bronchus and 
peripheral lung portions therefrom. However, the othe- 
?5 powders (C) to (F) containing the other cellulose lower 
alxyl ethers exhibited such an average aerodynamic radius 
that it is estimated that these powders are deposited on 
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a larynx. Thus, it is estimated that the powders are not 
possible t be deposited on the targeted portions, i.e., 
a trach a, a primary bronchus and peripheral lung 
portions th r from. 
5 Although it is not clear why the remarkable 

difference between hydroxypropyl cellulose, hydroxypropyl 
methyl cellulose and the other cellulose lower alky l 



pjtherq- occur*-,- l^-ia - e s tim e ted- that this dl £ f er e n cc i s — 
related to the hygroscopicity (equilibrium moisture) of 
the cellulose lower alkyl ethers. It is known that the 
hygroscopicity of hydroxypropyl cellulose, hydroxypropyl 
methyl cellulose is lower than that of methyl cellulose, 
hydroxyethyl cellulose, sodium carboxymethyl cellulose, 
sodium carboxymethyl hydroxyethyl cellulose. 
Nevertheless, it is not expected by those skilled in the 
art that the above-mentioned difference in the 
hygroscopicity causes the above-mentioned remarkable 
difference between the particle size required for the 
inhalant and the particle size required for the 
preparation for administration to nasal cavity (in, which 
no substantial differences are observed), regarding the 
agglomeration or growth of the particles r shown in the 
above-mentioned Experiments. 

As is clear from the above two Experiments, the 
technical idea according to the present invention finding 
the use of hydroxypropyl cellulose and 
hydroxypropylmethyl cellulose among the cellulose lower 
alkyl ethers and the technical idea selecting, as a 
preferable one, hydroxypropyl cellulose, hydroxypropyl 
methyl cellulose, methyl cellulose among. the same 
cellulose lower alkyl ethers are completely different. 
Furthermore, the technical idea according to the; 
selection of the present invention is an essential matter 
for the inhalant technique and exhibit the noveity : nd 
inventive step of the present invention. 

Prom the illustration described above, it will be 
understood that the uitrafine particle powder for 
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inhalation of the pr9Mnt inv , ntion ^ 

fro^ the ^position for a „. S al cavity disclosed oy 

*»P«n s Examine Patent Publication No. 60-7965 

On th other hand, Unas already been known that a 

i r::r ical composuion cm »* - -V 

*lkyl ether and a medicament is produced bv SBM v a 

£ exa mpl e, m9 dica»ent particie! are ctatld !I ^ ^ 
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QlSOdllllll Or becloiMtasone dipropiona:;e, and polyacrylic 
acid and/or sodium carboxymethyl cellulose are obtained 
by spray drying , and that the resultant fine particles 
exhibit sustained releasing properties and mucosa - 
adhesivity (Drug Development and Industrial Pharmacy, 
18(5), 581-597, 1992, 6th International Conference on 
Pharmaceutical Technology, Paris 2-4 June 1992). 
However, production, by spry drying, of ultrafine 
particles comprising a specific cellulose lower alkyl 
ether and a medicament and having the particle 
distribution of the present invention has never been 
disclosed, and the use of the ultrafine particles, of the 
present invention as an inhalant capable of being 
delivered principally to a lower airway has not even been 
suggested * 

DISCLOSURE OF INVENTION 

In accordance with the present invention, there is 
provided an ultrafine particle powder for inhalation 
comprising hydroxypropyl cellulose, and/or hydroxypropyl 
methyl cellulose, and a medicament, at least 80% of the 
powder having a particle sizm of 0.5 to 10 urn. 

It will be understood from the above description 
that the ultrafine particle powder for inhalation of the 
present inventors comprising hydroxypropyl cellulose 
and/or hydroxypropyl methyl cellulose and a medicament 
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and containing particles having a partici sUe of 0.5 to 
10 um in an amount of at least 80% is a novel technical 
conception which cannot b obtained even from th analogy 
to th conventional technica-1 idea. 

as a result of intensively carrying out research on 
the problems mentioned above, the present inventors have 
discovered that when an ultrafine particle powder 
co mprisin g hyrfr^yp ro pyl cellulose and/or hydroxyprop yl 


methyl cellulose, and a meaicament, at lwL 80% of the 
powder having a particle. size of 0.5 to 10 um, is used as 
an inhalant, the powder becomes an inhalant exhibiting 
good delivery to and good deposit Ion, at a lower airway 
such as a trachea and bronchi, being excellent in 
retaining properties and sustained releasing properties 
of the medicament at deposition sites, and having 
excellent properties such as efficient productivity, 
stability, safety and uniformity. The present invention 
has been achieved on the basis of the discovery. 

Furthermore, in accordance with the present 
invention, there is provide a method for the production, 
by spray drying, of an ultrafine particle powder for 
Inhalation comprising hydroxypropyl cellulose and/or 
hydroxypropyl methyl cellulose and a medicament, at least 
80% of the powder having a particle size of 0.5 to 10 um. 

Furthermore, in accordance with the present 
invention, there is provide a powder preparation for 
inhalation comprising such an ultrafine particle powder 
for inhalation. Since such an ultrafine particle powder 
for inhalation of the present invention has a particle 
size in a specific numerical range, it is capable of 
being delivered principally to a lower airway. 
BRIEF EXPLANATION OF DRAWINGS 

The present invention will now be further explained 
with reference to the attached drawings, wherein « 

Fig.. 1 shows a particle si*e distribution of an 
ultrafine particle powder *or inhalation of the present 
invention (BDPjHPC = 1:4) in Example 1. In the figure. 
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the marks A-a show a distribution density thereof, and 
th narks k-k show a minus siev cumulative distribution 
th reof. 

Fig. 2(A) shows results of X-ray diffraction 
analysis of the ultrafine particle powder for inhalation 
(BDPtHPC - 1:4) obtained by the method of the present 
invention i n E xample l, — r i g . 2 (B) shows r e sults o f X- tay 


attraction anaTysTs of a powder (BDPiHPC -1:4) prepared 
by mixing, using a mortar. 

i'ig. 3 is a drawing showing an evaluation method of 
an ultrafine particle powder for inhalation according to 
tne present invention using guinea pigs in Example 5 . 

Pig. 4 shows a degree of retention, in an airway and 
lung, of mixed ultrafine powder of hydroxypropyl 
cellulose and fluorescein in Example 5. 

Fig. 5 is a drawing showing a method for- evaluating 
airway clearance ia y^vg of an ultrafine powder of '*c 
labeled hydroxypropyl cellulose and hydroxypropyl. methyl 
cellulose in Example 6. 

Best Mode for Carrying Out the Invention 

According to the present invention, among cellulose 
lower alkyl ethers, hydroxypropyl cellulose and/or 
hydroxypropyl methyl cellulose are used as an inhalant. 
This is because, since the hydroxypropyl cellulose and/or 
hydroxypropyl methyl cellulose have a lower 
hygroscopicity, when compared with the other cellulose 
lower alkyl ethers, the stability of particle 
distribution and the inhalation feasibility to an airway 
are excellent. Furthe-.more , since hydroxypropyl 
cellulose and/or hydroxypropylmethyl cellulose are water- 
soluble, they absorb water on the mucosa after deposited 
on an airway and afford moderate adhesive properties and 
fluidity to thereby effect sustain release of the 
medicament and,, thereafter, they are dissolve* into a 
liquid layer covering the airway and removed, therefrom by 
transportation through the cilium for mucilage. In 
addition, since hydroxypropyl cellulose is: dissolved in a 
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lower alcohol and since hydr xypr pyl methyl cellulose is 
dissolved in a mixture of ethanol and dichloromethane , a 
mixture thereof with a much wider variety of medicaments 
such as steroids which are insoluble in water can be 
formulated. For these reasons, in the present invention, 
hydroxypropyl cellulose and hydroxypropyl methyl 
cellulose can be used as a preferable base for sustained 
release pt medicaments f« r _ Ar>fl 1 n T J frn _._ ," ~~Z~' ."" " 
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Examples of the medicament used in the present 
invention include medicaments used for local treatment of 
thoracopathy such as asthma; medicaments not suited to 
oral administration due to instability in a digestive 
tract, such as peptide proteins and low molecular weight 
organic synthetic compounds; medicaments which are 
recognized to exhibit improvement in quick efficacy and 
absorption when administered by inhalation compared with 
oral administration; and vaccines intended to induce 
mucosa type local immunity. 

Typical examples of the medicament include steroids 
such as beclometasone dipropionate, triamcinolone 
acetonide and flunisolide; antiallergic* such as 
cromoglycote disodium; elastase inhibitors such as SLPI; 
chemotherapy medicaments for infective diseases such as' 
gentamycin, kanamycin, carbenicillin, amphotericin B, 
ribavirin and pentamidine; antitussives such as codeine 
phosphate; bronehodilators such as salbutamol 
hemisulfate; antineoplastic medicaments such as 
S-fluorouracil; physiologically active peptide proteins 
such as insulin, calcitonin and SWI; ant i -migraines such 

aa ergotamine tartrate ; vaccine, (the local immunity on 
the mucosa obtained therewith being efficacious in 
preventing infection and pathopoiesis of viruses such as 
an influence virus); and medicaments for circulatory 
organs . 

These medicaments may be used singly, or as a 
mixture of two or more thereof unless the mixture is 
incompatible . 
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Of these mediants mentioned above, steroids such 
as beclometasone dipropionate and antiallergice such as 
cromogUcate disodium particularly exhibit improved 
efficacy when used as a powder preparation for inhalation 
containing the ultrafine particle powder of the 
invention . 

The ultr afine parrir T * powder for^a+ai^on of the 
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compriw the- ceiiuxose lower alicyi ether in an 
-nount of preferably 5.0 to 99.81 by weight, more 
preferably 20.0 to 99.0% by weight per particle thereof 
Tfte Ultrafine particle powder for inhalation of the 

invention comprises a medicament in an anvount of 
preferably 0.2 to 95.0% by weight, more preferably 1.0 to 
80.0% by weight per particle thereof. 

The particle size of the ultrafine particle powder 
for inhalation of the invention is such that at least 80% 
of the powder has a particle size of 0.5 to 10 urn. 

The ultrafine particle powder for inhalation of the 
Invention comprising the cellulose lower alkyl ethers and 
a medicament , at least 80% by weight of the powder having 
a particle si2e of 0.5 to 10 urn, is produced by spray 
drying. 

The spray drying according to the present invention 
refers to a method wherein the specific cellulose lower 
alkyl ether and a medicament of the invention are 
dissolved in a solvent, or the medicament which is 
ultrafinely ground is suspended in a solution containing 
the cellulose lower alkyl ether , and the resultant 
solution or suspension is spray dried by a conventional 
method. For example, the ultrafine particle powder for 
inhalation of the invention is obtained by the following 
procedures: the cellulose lower alkyl ether according to 
the present invention is dissolved in a solvent such as 
water or an alcohol capable of dissolving the alkyl 
ether, and a medicament is further dissolved or 
ultrafinely ground and suspended therein; and the 
resultant sample solution or suspension is spray dried by 
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« not.1. type apparatus. Th ultrafin particle powder 
foe inhalati n of the invention comprising a cellules 
lover alkyl ether and a medica/aent, and having the 
intended particle size distribution of 0.5 to 10 u. can 
be obtained in a high yield by adjusting a spraying 
pressure of the spray drier, a noz«le diameter and a 
concentrato r 
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the resultant powder contains a large proportion of 
particle, having a particle sire exceeding 10 »*, it is 
necessary to remove them by screening. 

The ultrafine particle powder for inhalation of the 
Present Mention cc raprl3ing the w ^ 

ether and a medicament is required to be adjusted in such 
a manner that approximately at least 80% of the powder 
has a particle size distribution of 0.5 to 10 uin, whereby 
the ultrafine particle powder is suited to be delivered 
to and deposited in a lower airway of a human. The 
ultrafine particle powder is then efficiently formed into 
mist by inspired gas or a propellant such as gas, and is 
administered by inhalation. 

The ultrafine particle powder for inhalation of the 
invention is required to have pharmaceutically acceptable 
macroscopic mixing uniformity. That is, any portion of 
the powder is always required to have a uniform 
medicament concentration. Moreover, the ultrafine 
particle powder for inhalation of the invention is 
required to be in a microscopically urii form mixed state 
which is pharmaceutically acceptable, and as a result the 
percentage composition of a fraction thereof delivered to 
and deposited in a respiratory apparatus of a human 
should agree with the entire percentage composition 
thereof. Although the ultrafine particle powder for 
inhalation of the present invention should be 
microscopically in a uniform mixed state, the medicament 
may be completely mixed with a cellulose lower alkyl 
ether, in an amorphous state, or it may be dispersed 
therein, in a microcrystailine state, or it may be in an 
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inrnrmnril -itn ni iiu bMiififl %|u w Lm t »..M.o,fr.i c-v 

Although the ulLxafiu* particle pow^g £gj- 
inhalation of the present invai^ivu vviuy4'i«R« the 

C . r - - if 1 - -•LL^L--^ Lvn^,*. wa/vjx abiici aitvr a iiittU XUaJtienC , 

itc properties fl!*Y fc>C Urtyiwvnd, 1f npretmry, by adding 
lubricant flitch An magnet ium ctoarata, o%«., a 

Thff nltrifimn oirrfnln pniutaB iin.fiini-.ii-. ,ji j.^ 

inhalation alsne #l' I« « M.i A Ui.g with uclivi auu&uves 
cuah ao a qarricr ha»ii'nj n i.li»pe*aluci <mUA>£ diiutino 
13 ^«H9?Wn Qff in fl pneiMrirtfir rif tpeiriioir with a procml!*** 
□uch aa gai. 

In the caco where the ultrafinn particle powder tor 
inhalation ot the pre?fnt invent.lnn i* u<*prf alnne »c a 
powder preparation for inhalar.toni the garr.lnlp pnwrtor 

20 may bo AdlBiniaterari by a system wherein ono dooc . thevaoC 
io filitti i* f ittwrfulut rnnl i lir* i iiniMitiv mrm tajcou uu% at. 
the tlra* of the use thereof, by a mulfci-drmp ny^tem 
whprnfn nnf?*1rnr ."horoof io •ifiaat&lj • ^jui.oj a 
ifnrago finV ir tho tjUmt tf thA •>*.. llirm,.!. in *uy ur 

Jft * ILIW. I.— . , wliw uiLiatLno pavcieie po*d^x . it» 

oU*uiiii>iLwxvd by a BOwaar inhaler which pneumatically 
Jio^&tfeif it wi^n a aur.tmn o*m 

A carrier such nn lflrltxe, dextrin, mannitoi and 
maltom* may hf» used for tho uit*a€in paxLiwiw ±*/wder of 
30 the present invention in ordir to prevent adhesion 
thereof to capsules and inhal rs and agglomeration 
thorcof (dispersi n function), and inhibit aa increase in 
WfliBllfi ftnYlnHlW thiienf in Mm iiiiihihiu» id ami.™ ~ 


.YS 



wntsjucwi. lu vap5uj.es ana innaiers and agglomeration 
thorcof (disperaion funcLiun), and inhibit ait increase in 

W9i9hti itnYlniMnn fhi.eur in Mhi luunmim iLii_. 7 ^ .^> r 

rtiPrtll amount thereof in capoulee, etc. {viilvilinv 
fnnrtion). Th carrier particles- have * pat Hole siz ot 
preferably 3C to 150 »m, nnrt lii/ii thoccot to oe 

mixed with the ultrafirie particle powder is det rmined by 
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" Ur,un « WVUl, 1" I'cwao* an <i U,« carrier «,„ ^ 
Itirnngtypu. Mav*w.^, « „ inri fc 

4R nf , mfni . , tt-i ^ u — « 

*ir by a cygtQiTl wherein nn* 4*8* Che^ul i» Bopara^gijr 

rhnrnnt in nnp iaittl L . t ji — j _ t U._ ii<, MW w j wlflHUli 
Thr nlfrnftna p^Liulu yuvAlm fair inh*lAU v „ «i u,« 
Invention may alao be yunuiaatiuaily dispersed Dy mixing 
LUm tHwiJnr with a oui«aeie amouAL vjL a auxfactan* sucn as 
••yfcaan l<&&*Ue*n viuvl oviiLiwfiM t.i. Uilnm *+, ana suspending 

mo rGOUitan* mixtUSft L\ 4 uwr.jylnu «a^nr 4MrorojL 
ouoh as fluorohyd 

t industrial Applicability] 

Thttlt, fchr pr**t»rii invention woviUun n pfH*rt*r 

*<> o ti.auhwa and bronchi, ana excellent retention and 
auaLu In w i releasing pmnwrnee ot the medicament ac 

rlnnnrifinn niini. *i i.. u„LL r -JL«.„ l( 

2S stability, safety and uniformity. Arrrtrtlingly, the 
present invention is very significant. 
EXAMPLES 

The prBHPnt invention will now bo i-lAwfBltfid ill 
detail below with refftrnncp rn Rtamples, but Tho OHamples 
30 ass a actiLmU in ujtdwr to illustrate the present 
invpnrtnn. Mtthniit boing a limiutiw.. U.«,. w f . 
Examola l 

In this Example, an ultrafine particle powder 
mixture of hydroxypropyl ceilulua« (HPr). and 


29 


example 1 

In this Example, an ult.rafine particl povdcr 
mixtur of hydroxypropyl e«lluluvft (HPP) and 
35 bee loroeta 99ns diprnpinnrttp (BDP) vac prepared by spt&y 
drying of th pres nt inventi n, and tn« properties 
Lli^iwul were valuatea. 



12-NOV-97 MED 01:17 61 3 9693 1793 


it u nil ii 11 Mi" ■ ■ 1,11 1 i""<" 1 11 


ii in ii 1 1 hi n i in i 


i 1 1 


- 21 


nrrflma » rp .., _„ ijr ^ K0 m flnr( ^^ ^^ j ^ 

iww.ul.,%, respectively. Th* r««„ltant aolutlun was 
spray dried usin? a Sj?HY flrypr nf #V..:.I ..w^ AO a*.,,, 

type (tradQ name of ns u. manufactured fey y^nn 

Scientific Co., fctf,) r,n OiYP n rnwlur in a yUu wf 

10 wyyi.vAimrtt.KiY sg MWt.. The percentage eomp^diLlun of 
the powder veil corresponded to that of the charged 
Vrtlue. The uniformity o£ Uw yuwder was examined by 
random sampling nhftreot (n ■ 30) • and the valun *hus 
nhfaliwl uuo 3.11, »l.-, v h raliir- pnivea tnat the pewdei. was 

1 5 a fainy uniform au.aIui«. iz was confirmed from the 

rp^ults of alcctron mKi.uyvvyi<: onft^r vat'ion thereof tlmL 
the particle size was w$H in norrpspondwiuu with r.lini 
obtained by laser diffraction measurement, and Lhat the 
r ihnpa nf thn fnvtivls* Jwn V ww ' fl minrre wnon tin- 

2Q wunlrnf nf haciomotaoona di^wvivuaCtt. wah nj.gn and became 
creased and withemd as Ui« unnfpnt fell. The partible 
size distribution of a powder with a BDP content of 20% 
nplp?tf4 II typlrnl *jL*i M yiy \m* m+hwiwd ncing a 
Dflrtirlft rlio dioevlk^Liwn ^aauiinq 'apparatus f,r laser 

2S diffraction L Jfc /« (trade name ot JEOL/ S YM9ATEC , 

mnnnfArrured by Horoo & R$viv»), *nd th* rocuits axe ehown 
in Fig, 1. it is evident from Fig. 1 that at leaar 8u* 
of the powder exhibited a particle size distribution of 
0.5 to 10 \im. 

* v X-ray diffraction analysis of the powU*i was carried 

uut, and the results are shown in Fig. 2. It was. found 
from Fig. 2(A) that BOP was amorphous in tho povd*<, 
ffltaUuriti and that a unifewu yvjwdwr was ootaih d. X-ray 
diffraction analysis of a powder pr*par«d hy mixing nor 

35 and HPC using a mortar; vol narr1rrf.*ut £u* refa^ehuc, ana 
th resultc are shown in fig. 2(B). It was f una from 


diffraction analysis of a powdar pra&arnd hy mixing oor 
and HPC u«tng a tnnrf*T: was r..\rr\nA ,«ut £u* iet«^i. U e ( a 
th r««ulto ar« shown in fig. J{B). It was found from 
rig. 2(B) that BDP was in a crystalline state. 
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In this Example, an ultrafin particle powder 
mixtur of hydroxypropyi cellulose and disodium 
cromoglycate was prepared by spray drying, and the 
properties thereof were evaluated. 

A solution prepared by dissolving hydroxypro pyi 
JL*k iuioe * a nd - cromnglyrate dlaiif ii um in water was spray- 
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dried in the sane manner as In Example 1. Approximately 
801 of the powder mixture thus obtained had a particle 
size distribution of 0.5 to 10 Mm. 
Example 1 

In this Example, an ultrafine particle, powder 
mixture of hydroxypropyi cellulose and beclometasone 
di propionate was prepared by a spray drying method, and 
the properties thereof were evaluated. 

Hydroxypropyi methyl cellulose and beclometasone 
dipropionate were dissolved in 1/1 (volume ratio) mixture 
of ethanol and dichloromethane so that the concentration 
of beclometasone dipropionate became approximately up to 
80% and that the concentration of the total solid 
substance (solutes) became approximately 
0.5-2 (wt./vol.)%, followed by spray drying. 

The. powder was recovered at approximately 50 to 70% 
the composition ratio well corresponded to the charged 
value and the powder was substantially uniformly mixed. 
The particle size distribution, determined by a particle 
size distribution measuring apparatus of a laser 
diffraction type, was 0.5 - 10 urn for 80% or more of the 
powder. 

Example 4 

In this Example, the determination of clinical 
administration method of the mixed ultrafine particle 
powder of hydroxypropyi cellulose- and beclometasone 
dipropionate, produced by a spray drying, and the 
effective amount of administration (the amount ot 
deposition at a diseased portion of airway were 
evaluated ) . 
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Hydroxypropyl cellulose and beclometasone 
dipropionat were dissolved in ©than 1 so that the 
p rcentage composition of beclometasone dipropionate and 
the concentration of the total solid substances (solutes) 
became approximately up to 20% and approximately 
1.25 (wt./vol.)%, respectively. The resultant solution 
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powder having an average size of 1.8 jixr. (50% under 
cumulative size) and a geometric standard deviation of 
2.3. The resultant powder was uniformly mixed with 
9 times by weight of lactose tor an inhalant 
(Pharrnatose 325M available from DMV Corp.) by a V type 
mixer to obtain the powder preparation for inhalation. 

The resultant powder preparation for inhalation was 
filled into #3 gelatin capsule* in an amount of 5 mg each 
(containing 100 ng of beclometasone dipropionate) and 
charged , through a suction air,, into an inhaler which 
generates the powder preparation through a suction air. 
This inhaler is structured such that a hole is opened on 
each of the top portions of the capsule by a needle 
before the inhalation and a powder preparation contained 
therein is effectively discharged and atomized during 
inhalation , while providing an appropriate vibration to 
the capsule-. The inhaler was mounted on a cascade 
impactor (an Andersen sampler) via an induction port, 
which is a model of an upper airway. The atomizing 
evaluation test of the preparation was carried out with 
an amount of suction air of 56.6 liter/min. As a result, 
the deposition to the lower airway was 12% and the 
deposition from the oral cavity to the upper airway was 
44%, which are equivalent to the effective doses of a 
commercially available inhalant. 

Exanmlfl S 

This Example evaluates i& vivo the particle 
deposition distribution and retention of a medicament in 
an airway, using guinea pigs, of the mixed ultrafine 
powder of hydroxypropyl cellulose and a fluorescent dye, 
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£luor scein, prepared by spray drying. 

Kydroxypropyl cellulose and fluoresc in wer 
dissolved in ethanol such chat the composition ratio of 
fluorescein was 20% and the total concentration of solids 

5 (elute) was 1.25 (wt./vol.]%, followed by spray drying 
and uniformly mixing to obtain the ultrafine powder. 

The resultant mi Yftri nli-r a fin n powdor w^a 5tt p Q ,i | l y 

converted to aerosoi in an apparatus comprising a dust 
feeder DF-3 . (Shibata Kagaku) connected to a 160 liter air 

10 chamber. The aerosol concentration and the aerodynamic 
particle size distribution were determined by connecting 
a laser particle counter and a cascade impact or: to the 
air chamber (Fig. 3). The aerosoi concentration was 
stable with the lapse of time and the average 

IS aerodynamical size was 1.8 Mm and geometric standard 
deviation was 2.1. 

The guinea pig (Hartley's, Hale* 6 weeks old) was 
provided with a tracheal cannula under anesthetization 
and was exposed to the powder aerosol by a respirator 

20 piped from the air chamber at a ventilation amount of 
2.5 ml per 1 time and a ventilation frequency of 
80 times/min (Fig. 3). The distribution of fluorescein 
deposited in an airway immediately after exposure was 4 0% 
from trachea to secondary bronchus and 60% at the 

25 peripheral airways and lung from the secondary bronchus. 
Thus, good particle arrivality was exhibited. 
Furthermore, as shown in Fig. 4, the retention amounts of 
fluorescein at the airway and lung one hour after 
exposure are significantly higher than those of the 

30 control, i.e., fluorescein crystalline fine power having 
the same aerodynamic particle distribution and airway 
deposition distribution as those of the above-mentioned 
mixed ultrafine powder. Thus, the retentionability was 
observed . 

35 g^ftle 6 

This Example evaluates the vivo airway clearance 
of ultrafine powder of U C labeled hydroxypropyi 
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cellulos and hydroxypropyl methyl cellulos prepared by 
spray drying. 

The l *C labeled hydroxypropyl cellulos and 
hydroxypropyl methyl cellulose were synthesized with 
C-propylene oxide as an etherif ication agent. The 
C-hydroxypropyl cellulose was dissolved in an ethanol 
and the "c-hydroxypr o pyl m e thyl c e llul o s e was disso lved 


in~171~ (voT. ratioyinixture of ethanol/dichloromethane 
such that the concentrations became 1.25 (wt./vol.)% and 

10 1.00 (wt./vol.)%, followed by spray drying, to obtain the 
ultrafine powder. 

The resultant i4 C labeled ultraiine powder was 
inhalation administered repeatedly for 7 days to 
Hartley's male guinea pig (6 weeks age) at a dosage of 

15 200 ug/kg/day. After the administration, the retention 
amount thereof in lung and the discharge amount in, the 
feces for 96 hours were determined, no radioactive 
activity was found in lung and the discharge of 9J| or 

ItlOIv Of Vile administered amount of the radioactivity was 

. *.c.s A» a result. It is considered 
20 confirmed in the fW! *V ano hydroxypropyl methyl 

that the hydroxypropyl cellu os. * J- adnini .tared 
cellulose deposited Hilary 

clearance and, without «^ « mid , was swelled. 
25 a lung and the migration to body 

7 - . -n , .. 8h owing stability i«* 

(Reference Experiment 1. snow* * 

particle sis. of Bxampl.s 1 and 7 > c . U «los. 

nn . powder. ^^^'Cpi-." — 

hydroxypropyl cellulose ana oe^ 
obtained in Example 1. 
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Example 1 
Example 7 
Control Example 1 
2 

1_ 3_ 


gt ^»l Q aa l°war alxvl ether 8 
Hydroxypropyl cellulose 
Hydroxypropyl methyl cellulose 
Methyl cellulose 
Hydroxyethyl celluloee 
sodium carboxymethyl -cellul ose 


Swiiw caxboxynethyl hydwxy « tny 1 — - 
cellulose 

in Example 7, hydroxypropyl methyl celluloee and 
beclometasone propionate were dissolved in a mixture of 
ethanol/dichloromethane and the resultant solution was 
spray dried in the spray dryer to produce the ponder. On 
the other hand, in Control Examples 1 - 4,- the 
ultrafinely divided beclometasone dlpropionate having a 
sire of about 0.5 urn was dispersed in an aqueous solution 
of cellulose lower a Iky 1 ethers and the resultant 
dispersion was spray dried in the spray dryer to obtain 
the fine powder.. The powders of Example 1, Example 7 and 
Control Examples 1 - 4 ware stored under the conditions 
of 25°C/S0% R.H. for 48 hours and then the particle size 
distribution was measured by a laser diffraction type 
particle sise distribution measuring apparatus . As a 
rasult, it was confirmed that 80% by weight or more of 
the particles were within the range of 0.5 to 10 um. 
After storing these powders under the conditions of 
25*C/65% R.H. for 7 days, the particle size distributions 
were measured. As a result, although ho substantial 
changes were observed in Examples 1 and 7 , the particles 
within the range of from 0.5 to 10 wo were decreased to 
50% by weight or less and the amount of the particles 
having a sise of 10 - 100 urn was significantly increased 
all in Control Examples 1-4. 

On the other hand, when powders of Reference 
txanples 1, 2, 3, 4, 5 and 6 having a sise of 20 - 250 nm 
for "»0% by weight or more thereof prepared by 
mechanically mixing beclometasone dipropionate having a 
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sir of 20 - SO mn with hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose, methyl cellulose , 
hydroxy thyl cellulose, sodium carb xyroethyl cellulose 
and sodium carboxymethyl hydroxyethyl. cellulose having a 
5 size of 20 - 250 nm for 90% by weight thereof, 

respectively, and powders of Reference Examples 7, 8, 9, 

in, ii »nd 12 h a v i ng a s4*e- of 20 - 250 um for 9 0% -by , 

" "weight orHESore thereof prepared from the same raw 

material, but different operation conditions in the spray 
10 drier, of Examples 1 and 7 and Control Examples 1-4, 
respectively, were stored under the same conditions, no 
substantial changes in the particle sites before and 
after the storage were observed. Prow the above 
Experiment*, it is shown that, although no changes in the 
15 particle sizes were observed, irrespective of the kind of 
the cellulose lower aikyl ethers when stored under a 
humidified condition in the powder preparations having a 
particle size suitable for preparations for 
administration to nasal cavity, no changes in the 
20 particle sizes were observed only when hydroxypropyl 

cellulose and hydroxypropyl methyl cellulose were used, 
among the cellulose lower alkyl ethers, in the powder 
preparation having a size suitable for inhalant. 

R*£ftsen« sxpfgimsnt 2 

25 A determination system with a cascade impactor was 

installed in a constant temperature and constant humidity 
machine (37°C/93% *.H.) for measuring the aerodynamical 
particle size distribution determination by a cascade 
impactor under the ccndition simulated to a human airway. 

30 To the cascade impactor, an inhalator for generating 

aerosol from the powder filled Lt\ a gelatin capsule by a 
suction air via an induction port. 

The powders having the same particle size 
distribution were prepared by spray drying in the same 

35 manner as in Example 1 and Example* 7 and Control 

Examples 1-4 described in the Reference Experiment 1, 
except that a part of the predetermined amount , of 
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beclometason dipr pionat was substituted with 
fluorescein. The powders thus prepared (R f rence 
Examples 7, 8, 9, 10, li and 12) were filled in 
#3 gelatin capsules in an amount of 5 mg each and, after 
packaging in sealed container, the capsules were placed 
in the constant temperature and constant humidity 
machine . 

From t he outside oj the cons tant *»mp«™...,~ 


constant humidity machine, sealed container was cpen 
10 using rubber globes and the gelatin capsules containing 
the powders of the Reference Examples were attached to 
inhalating devices. After the holes were opened in the 
capsules, the pump at the cascade impactor was started. 
Then, the cascade impactor was taken out from the 
15 constant temperature and constant humidity machine and 
the fluorescein on each plate was quantitatively 
determined by HPLC and the aerodynamical particle size 
was calculated. The average aerodynamical particle sizes 
were 2.3 urn in Reference Example 7, 2.4 urn in Reference 
Example 8, 6.8 um in. Reference Example 9, 5.9 un in 
Reference Example 10, 7.4 um in Reference Example U, and 
7.3 im in Reference Example 12. 

It is known that, in the average aerodynamical 
particle sizes in Reference Examples 7 and 8, the powders 
are deposited up to the secondary bronchus, while in the 
average aerodynamical particle sizes in Reference 
Examples 9 - 12, the powders are deposited around larynx. 
Thus, the fine powders according to the present invention 
comprising hydroxypropyl cellulose, hydroxypropyl methyl 
celluloee exhibited good depositionability in lungs. 
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■CLAIMS 

1. An ultrafine partial* powd r for inhalation 
comprising at least one cellulose lower alkyi ether 
selected from the group consisting of hydroxypropyl 
cellulose and hydroxypropyl methyl cellulose, and a 
medicament, at least 80% of said powder having a particle 
ai*e of O^t o iu j in, „ ,„, ~ " 


10 


15 


20 


25 


30 


2. An ultrafine particle powder for inhalation 
according to claim 1, wherein said ultrafine powder 
particle powder for inhalation comprises 20 to 99.8% by 
weight of said cellulose lower alkyi ether and 0.2 to 80% 
by weight of. said medicament, per particle thereof. 

3. An ultrafine particle powder for inhalation 
according to claim 1 or 2, wherein said medicament is 
uniformly dispersed within each of the particles thereof. 

4. An ultrafine particle powder for inhalation 
according to claim 1, 2, or 3, wherein said medicament is* 
selected from the group consisting of steroids, 
antiallergics, bronchodilators, medicaments for 
chemotherapy of infective diseases, antitussives, 
elastase inhibitors, antineoplastic medicaments, 
cardiovascular medicaments, physiologically active 
peptide proteins and vaccines. 

5. A method for the production of the ultrafine 
particle powder for inhalation according to claim 1, 
comprising the step of spray drying. 

6. A powder preparation for inhalation comprising 
the ultrafine particle powder for inhalation according to 
claim 1. 

7. A powder preparation for inhalation according 
to claim 6, wherein said powder preparation for 
inhalation comprises the ultrafine particle powder 
according to claim 1, and a dispersing agent and/or a 
diluent. 
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ABST^ T 

An ultrafine particle n^-i , 
Slivered Mlnly J T inh ^"o" to be 
cllulo.e lower alkyl J*'^' «»tai„i„ 0 apecif ic 

0-5 t -. o i o „„ , . 9 'Particle 3l " *n the ra n g, uf 
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